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deMoGrAPHIC eFFeCTs oF LeGAL TIMBer 
HArVesTING oN Guaiacum sanctum L., AN 

eNdANGered NeoTroPICAL Tree: 
IMPLICATIoNs For CoNserVATIoN

LeoNeL LÓPez-ToLedo, ANGéLICA MurILLo-GArCíA, 
MIGueL MArTíNez-rAMos and dIeGo r. Pérez-sALICruP

he evaluation of the 
conservation status of 
a species is an impor-

tant prerequisite for implementing con-
servation action plans, especially for 
species suspected to be declining in 
abundance or species threatened by an-
thropogenic activity (De Grammont 
and Cuarón, 2006). This is the case of 
Guaiacum sanctum L. (Zygophyllace-
ae), a timber tree species considered to 
be at risk in parts of its historic range. 
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Guaiacum sanctum provides one exam-
ple of many taxa requiring detailed 
conservation assessment (CITES, 2000; 
González-Espinosa, 2009; López-Tole-
do et al., 2011).

Populations of G. sanc-
tum have been exploited for centuries for 
its medicinal properties and high timber 
value (CITES, 2000). Because of inten-
sive exploitation and habitat loss, it is 
currently considered a species under risk 
of local extinction in eleven countries. It 

is classified by the International Union 
for Conservation of Nature (IUCN) as an 
endangered species (ENC2a) and in Mex-
ico as a species under special protection 
(SEMARNAT, 2010; González-Espinoza, 
2009). Additionally, it has been estimated 
to be at risk in ten other countries across 
its original distribution, and is listed on 
Appendix II of the Convention on Inter-
national Trade in Endangered Species of 
Wild Fauna and Flora (CITES, 2000; 
López-Toledo et al., 2010).

SUMMARY

Guaiacum sanctum is a timber tree species from the Ameri-
cas, considered threatened in eleven different countries, includ-
ing Mexico, and listed in CITES Appendix II. This species is 
currently harvested legally in the southern Mexican state of 
Campeche. Despite its protected status, the current condition of 
its populations and the effects of harvesting upon them have not 
been assessed. The conservation status of four unlogged popu-
lations were evaluated across Central Campeche by document-
ing their densities and demographic structures, and then com-
pared the size class demographic structures of one unlogged 
and three logged populations at different times after harvest 
(3, 8 and 20 years) to evaluate the effects of timber harvesting 
upon population structure. Additionally, a regeneration index 

(proportion of seedlings within the population) was estimated 
for each of the seven populations. Densities of G. sanctum 
varied from 278 to 1732 stems/ha with ≥1cm at 1.3m·height in 
Campeche. Differences were found in the population struc-
tures of unlogged populations, although the density of seedlings 
and trees was high in all of the sites. Contrary to expecta-
tions, higher densities were found in all size classes in logged 
populations. Results suggest that current logging practices do 
not have a drastic negative effect on the density of remaining 
individuals. Although the results indicate that G. sanctum in 
Campeche is not locally endangered, it is recommend that it be 
maintained in CITES Appendix II.
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Despite its endangered 
status, harvesting and international 
trade of G. sanctum timber is still per-
mitted in Mexico (Salmón, 2007). Be-
tween 1998 and 2006, an annual aver-
age of 142.8m3 of G. sanctum timber 
and wood products were legally har-
vested and exported (López-Toledo et 
al., 2008). The main importer of G. 
sanctum wood products is Germany, 
where they are used in the ship build-
ing and liqueur industries (Mickle-
burgh et al., 2003). Despite being le-
gally harvested, there are no studies 
on the effects of timber extraction on 
the populations of this species, or ba-
sic demographic studies which might 
justify the need for protection. There-
fore, it is of interest to evaluate the 
status of populations in areas where 
timber harvest is planned or ongoing.

A first approximation 
to evaluate the status of tropical tree 
populations is through the analysis of 
the size class demographic structures, 
which may be represented by the total 
number of individuals in a distribution 
where classes may represent ages or 
sizes (Vandermeer, 1978; Condit et al., 
1998). In the case of shade tolerant 
tropical trees, a large proportion of ju-
venile individuals in a distribution 
may be interpreted as indicators of a 
stable population with sufficient regen-
eration, which gives the demographic 
structure the form of an inverted J 
(Condit et al., 1998). Populations with 
poor regeneration or with discontinu-
ous distributions (i.e., entire size or 
age classes without a single individual) 
may be interpreted as populations in 
decline or affected by strong distur-
bances (Medel-Narváez et al., 2006). 
This is the case of many highly valu-
able timber tree species, such as big-
leaf mahogany and several other spe-
cies from the Amazon and African for-
ests, where their densities are reduced, 
and their class size population struc-
tures show discontinuous distributions 
and low recruitments after intensive 
logging (Lawes et al., 2007; Grogan et 
al., 2008). Moreover, both field studies 
and modeling exercises have shown the 
negative effects of intense individual 
harvesting through selective logging on 
the demographic structure of popula-
tions, and also on their genetic diver-
sity (Kasenene, 2007; Sebbenn et al., 
2008).

Conclusions based on 
analyses of demographic size class dis-
tributions have to be drawn with cau-
tion, however, because size class dis-
tributions and population growth rates 
may not necessarily be strongly corre-

lated, as size class distributions might 
also be affected by other demographic 
variables. For example, in a study with 
216 tropical tree species Condit et al. 
(1998) found that the population size 
class distribution was more associated 
with growth rate of juveniles and sur-
vival in each size class, than with pop-
ulation growth rate. Therefore, esti-
mates of demographic parameters and 
population growth rates may be used 
to evaluate the conservation status or 
the effects of management practices 
more precisely than just examining de-
mographic structure (Zuidema et al., 
2007). Nevertheless, an adequate esti-
mation of the above mentioned popula-
tion parameters involves studies of 
several years, which is not always pos-
sible when concrete recommendations 
are required in the short term. Further-
more, the estimation of population pa-
rameters based on only a few years of 
observation might yield a largely unre-
alistic estimation of the status of popu-
lations, particularly for long-lived spe-
cies. In such cases, analysis of the size 
class distribution of individuals might 
be the most optimal method to evalu-
ate the status of populations.

In this study differ-
ences in the abundance and popula-
tion structures of G. sanctum were 
evaluated across the state of Cam pe-
che. Campeche represents the core 
area of the distribution of the species 
in Mexico, and to the best of our 
knowledge it is the only locality in 
Mexico and elsewhere where current 
populations of G. sanctum are still le-
gally harvested for timber. The study 
sought to evaluate two primary hy-
potheses. First, that population struc-
ture in four localities un-affected by 
recent timber harvesting across Cen-
tral Campeche should not differ. Sec-
ond, that three populations with differ-
ent ages since the last G. sanctum tim-
ber harvest should have fewer very 
large individuals as a direct conse-
quence of timber harvesting, and fewer 
small individuals as a consequence of 
reduced regeneration by the harvesting 
of seed producing adults, than another, 
unlogged, population from the same re-
gion. Additionally, the potential of re-
generation of G. sanctum was evaluat-
ed across Campeche based on a regen-
eration index, estimated as the pro-
portion of seedlings within the 
population (Medel-Narváez et al., 
2006). Finally, the basal area removed 
in each harvested population was esti-
mated. Based on the above analyses, 
an assessment is provided of the con-
servation status of the studied popula-

tions and the effects that recent tim-
ber harvesting has upon them.

Methods

Study species

Guaiacum sanctum is a 
tree species distributed in deciduous 
and semi-deciduous forests extending 
from the Florida Keys, to southern 
Mexico, Central America and the Ca-
ribbean Islands (Chavarría et al., 2001). 
In Mexico, it is restricted to the states 
of Yucatán, Quintana Roo, Campeche, 
Chiapas and Oaxaca, with the most 
abun dant populations found in Cam pe-
che (Grow and Schwartzman, 2001; 
Mar tínez and Galindo-Leal, 2002; 
López-Toledo et al., 2011). In some por-
tions of its original range it has been 
almost eradicated as a consequence of 
timber extraction, such as in the Flori-
da Keys, where a population is only 
found in Lignumvitae Key (Dertien and 
Duvall, 2009). That population has re-
cently become vulnerable to natural 
disturbances, such as the infection by 
the scale insect Toumeyea lignumvitae 
(Williams, 1993; Schaffer and Mason, 
1990), and hurricanes (Dertien and Du-
vall, 2009). In other sites G. sanctum 
has disappeared apparently as a conse-
quence of land use conversion to agri-
culture or cattle grazing (Gordon et al., 
2003). At least 19 bird species in a sea-
sonally dry tropical forest in Guatemala 
consume its fruits (Wendelken and 
Martin, 1986), and mature forest sites 
where the species is present are impor-
tant for the conservation of large avi-
fauna near the Calakmul Biosphere Re-
serve, in Mexico (Weterings et al., 
2008).

G. sanctum is an ever-
green tree that grows up to 25m in height 
and 60cm diameter at breast height (dbh). 
Its high specific wood gravity (1.09-
1.15g·cm-3) and high resin content makes 
the wood resistant to insect attack, and 
gives it auto-lubricating properties that 
make it suitable for the ship building in-
dustry (Porter, 1972; CITES, 2000; Grow 
and Schwartzman, 2001). The species has 
also been exploited for the medicinal 
properties of its resin (Grow and 
Schwartzman, 2001; Dertien and Duvall, 
2009). Estimates of diameter growth rates 
for adult G. sanctum trees indicate that 
this is a very slow-growing species, with 
an estimated longevity of >500 years 
(López-Toledo, 2008). Mexico is the only 
country harvesting and exporting G. 
sanctum timber to Asia and Europe 
(CITES, 2000; Grow and Schwartzman, 
2001; Gordon et al., 2005; González-Espi-
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noza, 2009). All Mexican G. 
sanctum legally harvested 
comes from natural popula-
tions (there are no plantations) 
in the state of Campeche. The 
management program of the 
species, which is applied ho-
mogeneously throughout the 
state, disregarding site condi-
tions, includes harvesting of 
high quality adult trees 
>35cm of diameter at 1.3m 
(dbh) in a given area (stand), 
which can only be logged 
again after 20 years (Salmón, 
2007). Harvesting is conduct-
ed by landowners in collabo-
ration with a timber compa-
ny which designed and is re-
sponsible for implementing 
the management program. 
The management of G. sanc-
tum harvesting is authorized 
and supervised by the Mexi-
can government environmen-
tal authorities (SEMARNAT-
PROFEPA), which in turn comply with 
alignments of CITES (CITES, 2000).

Study site

The study was per-
formed in the southern state of 
Campeche, in the northern Yucatan 
Peninsula, Mexico, during Sept-Dec 
2004. Seven different populations were 
located: 1) Ejido Carlos Salinas de Gor-
tari (ECSG), 2) Calakmul Biosphere 
Reserve 1 (CBR1), 3) Calakmul Bio-
sphere Reserve 2 (CBR2), 4) Las Flores 
(LF), 5) Ejido Pich Forest Reserve 1 
(EPFR1), 6) Balam-Kin Reserve (BKR) 
and 7) Ejido Pich Forest Reserve 2 
(EPFR2). The first four localities repre-
sent unlogged populations, at least in 
the past 35 years, while the last three 
populations were exploited 3, 8, and 18-
20 years before this study was conduct-
ed (Figure 1).

According to weather 
stations of the region (Zoh Laguna, 
Calakmul Reserve) annual rainfall is 
~1100mm with a marked dry season 
from November to May (Pérez-Salicrup, 
2004). Mean annual temperature is 
~25ºC. Soils in this region are mainly 
well-drained karstic hills, although f lat 
lands are also common. G. sanctum is 
mainly confined to the hills (Martínez 
and Galindo-Leal, 2002; López-Toledo 
et al., 2011).

Sampling

At ECSG, LF, CBR2, 
and BKR sites, ten 2×50m subplots 

were established, separated by 25m 
from one another, following the method 
devised by Gentry (1982), widely repli-
cated in other tropical sites (Keel et al., 
1993; Killeen et al., 1998). In these 
subplots, height and diameter at 1.3m 
(dbh) were recorded for all G. sanctum 
stems >1.5m height, while only height 
was recorded for individuals ≤1.5m in 
height. At EPFR1, EPFR2 and CBR1, 
information based on 1ha plots estab-
lished to document tree diversity in the 
region was used. In these plots, dbh 
and height were recorded for individu-
als >1.5m height. Height was recorded 
for individuals ≤1.5m in seventy 2×2m 
quadrats randomly established within 
the 1ha plot.

Demographic attributes

The demographic struc-
ture of each population was described 
on the basis of number of individuals 
in each of six arbitrarily established 
size categories based on dbh and 
height (Silvertown, 1987). Individuals 
<1.0m and 1.0-1.50m height were clas-
sified as seedlings (Sdl) and Juveniles 
(Juv), respectively. Stems >1.50m 
height and >1.0cm dbh, which are po-
tentially reproductive (López-Toledo, 
2008) were classified in one of the fol-
lowing adult categories, Ad1: <10cm 
dbh, Ad2: 10-20cm dbh, Ad3: 20-35cm 
dbh, and Ad4: >35cm dbh. To compare 
among populations with different sam-
pling regimes, the frequency of indi-
viduals in each of the size categories 
was scaled up to 1ha.

Two comparisons were 
conducted. In the first one 
the four unlogged populations 
were compared to evaluate 
the natural differences in size 
class population structure 
across the state of Campeche, 
and to evaluate whether re-
cently unlogged populations 
had a demographic size class 
distribution which suggested 
insufficient regeneration. 
Then, one unlogged popula-
tion (ECSG) was compared 
to all logged populations 
(EPFR1, BKR, EPFR2) to ex-
plore the effects of logging 
on population structures. 
ECSG was used in this com-
parison as it is geographical-
ly close to the logged popula-
tions and conditions might be 
assumed to be similar prior 
to logging. To explore the re-
generative potential of the 
seven populations a regenera-

tion index was used, estimated as the 
proportion of individuals <100cm height 
within the whole population (Medel-
Narváez et al., 2006).

Basal area removed

Stumps of G. sanctum 
were found in all harvested sites, even 
in the one harvested 20 years before the 
present study. While most fallen trees 
and tree stumps in tropical forests usu-
ally decay within a few years (Putz, 
1983), the stumps of G. sanctum might 
have lasted longer as a consequence of 
its high wood density and its resin con-
tent. The circumference of all stumps 
found in the plots with populations 
logged 3, 8 and 20 years before our 
study (EPFR1, BKR, and EPFR2, re-
spectively) was measured, and the basal 
area of each individual stump estimat-
ed. The total basal area of removed 
trees was estimated as the sum of the 
basal area of remaining stumps, and 
contrasted with the basal area of living 
trees.

Statistical analyses

Two factors and their 
interaction were tested in order to com-
pare population structures: site (with 
seven levels) and size classes (with six 
levels). Analyses of deviance were per-
formed, comparing frequencies with a 
Poisson distribution error and a link log 
function (Crawley, 1993). In models 
with Poisson errors, the deviance ex-
plained by each factor approximates to 

Figure 1. Study sites at Campeche, southeast Mexico. 1: Ejido Carlos Sali-
nas de Gortari (ECSG), 2: Calakmul Biosphere Reserve 1 (CBR1), 3: Cal-
akmul Biosphere Reserve 2 (CBR2), 4: Las Flores (LF), 5: Ejido Pich For-
est Reserve 1 (EPFR1), 6: Balam-Kin Reserve (BKR), 7: Ejido Pich Forest 
Reserve 2 (EPFR2). The delimited solid area indicates the Calakmul Bio-
sphere Reserve and hatched area indicate the Balam Kin State Reserve.
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χ2 values (Crawley, 1993), 
which were then used to test 
factor effects. Analyses were 
completed using Glim 3.7 
(Royal Statistical Society, 
1985).

To compare the regen-
eration index across the sev-
en populations, the Mann-
Whitney U non-parametric 
test was used. The test was 
performed on Systat statisti-
cal package V.11 (Systat, 
2004). Differences in basal 
area removed proportional 
to living tree basal area 
was explored only visually, 
as there were not enough 
points to conduct any type 
of meaningful regression 
analysis.

results and discussion

Demographic attributes

In total, 3614 repro-
ductive individuals (ind 
≥1cm dbh) of G. sanctum 
were recorded in all seven 
studied populations. Abun-
dance of individuals showed 
a very high variation across 
the state of Campeche, with 
densities that ranged from 
278-1732 ind/ha. The high-
est densities were found in 
EPFR1, EPFR2 and BKR in 
Central Campeche, which 
curiously represent areas of 
recent past logging. The 
lowest densities were found 
at populations within pro-
tected areas like those in 
the Calakmul Biosphere Reserve (CBR1 
and CBR2; Figure 1). The fact that re-
cently logged populations have higher 
abundance of individuals than unlogged 
populations suggests that forest man-
agement does not negatively affect the 
density of stems in populations, or that 
variation in densities in natural popula-
tions is high enough that the effects of 
harvesting would be undetectable.

Unlogged populations 
of G. sanctum at the four unlogged 
sites across Campeche presented an in-
verted J size distribution, with a high 
proportion of individuals in the small 
size classes and fewer individuals in 
larger classes. However, the analysis of 
deviance indicated differences in the 
population structures among the four 
sites (Table I). The differences were 
mainly due to the CBR1 population, 
which had a low number of individuals 

in all the size classes compared to other 
populations. Additionally, trees of com-
mercial size (≥35cm dbh) were not re-
corded at either of the Calakmul popu-
lations located in the southern portion 
of the study area (CBR1 and CBR2), 
but individuals in this diameter class 
were well represented in two popula-
tions in the north, ECSG and LF (Fig-
ure 2).

These differences might 
be explained by two non exclusive con-
siderations. The first one is the type of 
forest where populations of G. sanctum 
are located. In the south of the Yucatan 
Peninsula there are two major forest 
types that differ in their structure, ap-
parently in response to micro-topo-
graphic soil conditions. In low statured 
forests, which grow in sites with clay 
soils, tree diameters and canopy heights 
are lower than in adjacent medium stat-

ured forests, where soils are 
better drained (Pérez-
Salicrup, 2004). The site with 
the lowest tree densities in 
all size classes was CBR1, 
which is located in a low 
statured forest.

The second factor ex-
plaining differences is the 
possibility of past logging 
activity. The Calakmul Bio-
sphere Reserve includes areas 
where intensive selective log-

ging was carried out in 
1950-1980, and G. sanctum 
was one of the exploited 
species (Martínez and 
Galindo-Leal, 2002). There-
fore, although no stumps of 
G. sanctum trees were seen 
in either of the Calakmul 
Biosphere Reserve sites, 
they could have been ex-
ploited under more extreme 
and unregulated conditions 
in the past, potentially ex-
plaining a depletion of large 
individuals. In a recent 
study, a population of G. 
sanctum near the Calakmul 
Biosphere Reserve was 
found to have smaller diam-
eters than the means of oth-
er tree species (Weterings 
et al., 2008). Although this 
difference was not outside 
the 95% confidence inter-
val, the authors suggested 
that this could be the con-
sequence of past extraction 
of large G. sanctum indi-
viduals in the locality. The 
density of individuals they 
report is also lower than 

the densities found in the present study. 
It is thus likely that unregulated past 
logging activity might have reduced the 
populations in the southern portion of 
the study area, close to the present Ca-
lakmul Biosphere Reserve.

Significant differences 
were found between one unlogged pop-
ulation (ECSG) and three populations 
with different periods since logging 
(EPFR1, EPFR2, BKR; Figure 3, Table 
I). Surprisingly, logged populations 
had a higher number of individuals in 
all the size classes than unlogged pop-
ulations. This pattern could be caused 
by the combined effect of the low ex-
traction rate in the area (3-4 trees/ha) 
and the high abundance of other seed-
producing adult trees. This high densi-
ty in all size classes was particularly 
true for seedling and juvenile densi-
ties, which had densities 1.5-4.5 and 

Figure 2. Population structure of Guaiacum sanctum at four unlogged popu-
lations across Campeche, Mexico. Sdl: seedlings (<1.0m height), Juv: Juve-
niles (<1.5m height). Stems >1.50m height and >1.0cm dbh, which potential-
ly are reproductive (López-Toledo, 2008) were classified in one of the fol-
lowing DBH categories: Ad1: <10cm dbh, Ad2: 10-20cm dbh, Ad3: 20-35cm 
dbh, and Ad4: >35cm dbh.

TABLE I
STATISTICS FOR COMPARISON OF POPULATION 

STRUCTURES OF Guaiacum sanctum IN CAMPECHE

Factor
Comparison Site (S) Size class (SC) S×SC

χ2 P χ2 P χ2 P
1- Unlogged 1358 <0.0001 738 <0.0001 2879 0.0017
2- Logged 9567 <0.0001 2527 <0.0001 917 <0.0001

The first comparison evaluates differences in the population structure 
among four unlogged populations across Central Campeche. The second 
comparison evaluates differences among one unlogged and three logged 
populations in Ejido Pich Forest Reserve (Central Campeche). c2 and P 
values refer to analysis of deviance.
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2.5-3.5 times higher, re-
spectively, than in the un-
logged population. For the 
case of adults (stems ≥1.5m 
in height) the density was 
somewhat similar among 
sites, with densities of 910-
1732 ind/ha. All popula-
tions included in this com-
parison, with exception of 
BKR (logged eight years 
before this study), had 
trees of commercial diame-
ters in similar densities (9-
11 ind/ha).

Unfortunately, not 
enough sites were found in 
the region in order to eval-
uate the relationship be-
tween years since last log-
ging extraction and density 
of commercially sized trees; 
hence, we cannot provide a 
strict assessment of the re-
covery of populations after 
harvest and of the perti-
nence of the 20 year logging cycles. 
However, it was noticed that the popu-
lation logged 3 and 20 years before our 
study (EPFR1 and EPFR2, respectively) 
had trees of commercial size, but not so 
the population logged 8 years before. It 
is possible that after 20 years, trees that 
were left uncut because they were un-
derneath the threshold diameter could 
have grown to commercial size catego-
ry (López-Toledo, 2008, López-Toledo 
et al., 2011). This would explain the 
presence of commercial size trees in 
the population harvested 20 years be-
fore this study. However, it is also pos-
sible that more intensively logged areas, 
or areas with naturally lower population 
densities, would require longer periods 
for the population to include commer-
cially sized individuals (López-Toledo, 
2008, López-Toledo et al., 2011). In the 
case of the population harvested three 
years before this study, the presence of 
commercial size individuals must be the 
result of trees that were either missed 
or left standing on purpose by the log-
ging company, as it is extremely un-
likely that trees would pass from non-
commercial to commercial diameter in 
only three years (López-Toledo, 2008; 
López-Toledo et al., 2011). Therefore, 
further analysis, exploring the popula-
tion dynamics in areas with different 
years of recovery since the last harvest-
ing, is required to contribute to an im-
proved forest management of this spe-
cies in the Yucatan Peninsula.

A high regeneration in-
dex (proportion of plants <100cm in 
height within the population) was found 

for the seven populations analyzed. In-
dexes ranged 0.65 to 0.93, which indi-
cates good regeneration of this species 
across Campeche. The highest indexes 
were found at the logged populations in 
Central Campeche (EPFR1= 0.93, 
BKR= 0.83 and EPRF2= 0.91, respec-
tively), but the Mann-Whitney U test 
indicated a similar regeneration index 
across the seven studied populations 
(U= 10, p≤0.15). Similar results were 
obtained in previous studies under nat-
ural conditions or low intensity man-
agement (Stoffers, 1984).

G. sanctum is a shade 
tolerant species that assimilates the 
same amount of carbon when growing 
in the shade or when exposed to solar 

radiation (Schaffer and Ma-
son, 1990), so seedling 
growth might not be seri-
ously affected by canopy 
disturbances associated with 
forest management. Seed-
ling establishment and sur-
vival, however, might in-
crease after canopy distur-
bances, as suggested by an 
increase in seedling densi-
ties in a Honduran forest 
following a fire (Otterstrom 
et al., 2006). Basal area re-
moved in logged sites rep-
resented almost 40% of the 
total basal area of those 
populations (see below). 
The removal of commercial 
sized individuals might 
have created gaps of 
enough size to increase the 
establishment of seedlings. 
In the present study, re-
duced numbers of seedlings 
and juveniles were not 

found in logged sites, perhaps because 
sub-canopy trees of this species can re-
produce, hence compensating for the 
propagule production of harvested indi-
viduals.

Based on the results 
obtained, the total density of G. sanc-
tum seedlings and reproductive trees is 
good in the seven populations analyzed. 
This suggests that current harvesting of 
this species might not jeopardize its 
populations. However, this conclusion 
should not prevent further studies 
aimed at evaluating demographic pa-
rameters such as growth, mortality and 
reproductive rates of this species in 
each size class.

Due to the declining 
demand of this species in the interna-
tional market, forest management cen-
tered on it might decline in the near fu-
ture. This may paradoxically result in a 
potential risk for G. sanctum popula-
tions, as this would reduce the interest 
in forest management and increase the 
pressure for converting the land to agri-
cultural purposes, which is still high in 
the region (Turner et al., 2001). During 
our field work we witnessed the sale of 
20000ha of forests to private owners 
who intended to transform forests into 
plantations, agriculture and cattle rais-
ing. G. sanctum apparently disappears 
from landscapes dominated by these 
land uses (Gordon et al., 2005).

Basal area removed

The basal area removed 
was similar among the three logged 

Figure 3. Population structures at one unlogged (ECSG) and three logged 
populations (EPFR1, EPFR2 and BKR) at Central Campeche, Mexico. For 
correspondence of size classes see Figure 2.

Figure 4. Basal area (%) of one un-logged 
(ECSG) and three logged (EPFR1, BKR, and 
EPFR2) populations of Guaiacum sanctum in 
Central Campeche. Black: basal area removed 
3, 8 and 20 years before the study; gray: basal 
area contained in non-commercial adult trees 
(≥1<35cm dbh); white: basal area in commer-
cial trees (≥35cm dbh).
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populations (EPFR1= 0.94m2, EPFR2= 
0.9929m2, BKR= 0.93m2), correspond-
ing to trees with a mean diameter (cm 
±SE) of 52.2 ±9.6 for EPFR1, 57.1 ±2.8 
for EPFR2 and 38.5 ±2.5 for BKR. The 
basal area from reproductive individuals 
was similar among the four populations.

Several studies have re-
ported that logging may damage >50% 
of the original stand. For example, con-
ventional logging of mahogany (Swiete-
nia macrophylla) in the Brazilian Ama-
zon may remove up to 95% of the com-
mercial mahogany trees and 30-47% of 
non commercial trees, while damaging 
and likely killing trees as small as 
20cm in dbh (Grogan et al., 2008). 
Based on stumps, we found between 
4-5 logged commercial trees/ha, which 
accounted for ~40% of basal area of 
the G. sanctum populations, a substan-
tial figure but relatively low compared 
to other management operations based 
on S. macrophylla in Yucatan (Dickin-
son et al., 2000). The present sample 
size is low and it was not possible to 
conduct any further regressions between 
time since the last harvest and recovery 
of commercial size individuals. Howev-
er, the results seem to indicate that cur-
rent G. sanctum logging practices in 
Campeche might have relatively less 
impact upon the basal area of the popu-
lation, than the extraction of other com-
mercial species in the region.

Conclusions

Guaiacum sanctum pop-
ulations are abundant in Campeche and 
apparently are not negatively affected 
by their exploitation. However, we sug-
gest that the species should be kept in 
CITES and in the Mexican Norm 
(NOM-059-ECOL-2010), since it is ap-
parently locally extinct or endangered 
in several sites within its natural range 
of distribution in Mexico outside of 
Campeche. Because this species is very 
long lived, it is necessary to conduct 
long term studies and obtain the growth 
rates of G. sanctum individuals in dif-
ferent populations, in order to be able 
to adequately estimate the harvesting 
rates. It is important to follow demo-
graphic trajectory and population dy-
namics in order to understand the ef-
fects of harvesting on the exploited 
populations and, if appropriate, recom-
mend improvements in logging practic-
es. Finally, although counterintuitive, 
management of tree species for timber 
might be one of the few local incen-
tives in this region to reduce the pres-
sure to convert large tracks of forests 
to agriculture and cattle raising. Such 

conversion would very likely eliminate 
G. sanctum from the region.

ACKNowLedGeMeNTs

The authors thank 
Christine Tasch for translating the man-
uscript into English, David Peterson for 
a review of an earlier version, and also 
comments by two anonymous reviewers 
of this manuscript. This study was sup-
ported by CONABIO (BS-004) and FO-
MIX-Campeche (31473). CIECO-UNAM 
and TRANSFORESTA provided addi-
tional funding. LLT was supported by 
scholarships from CONACYT (Nº 
163218) and Becas SEP, Mexico.

reFreNCes

Chavarría U, González J, Zamora N, Quesada F 
(2001) Árboles Comunes del Parque Nacion-
al Palo Verde, Costa Rica. INBIO. Heredia, 
Costa Rica. 120 pp.

Condit R, Sukumar R, Hubbel S, Foster R (1998) 
Predicting population trends from size dis-
tributions: A direct test in a tropical tree 
community. Am. Nat. 52: 495-507.

CITES (2000) Proposal. Transfer Guaiacum 
sanctum from Appendix II to Apendix I. 
Convention on International Trade of Endan-
gered Species of Wild Fauna and Flora. 
www.cites.org/eng/cop/11/prop/62.pdf

Crawley MJ (1993) Glim for Ecologists. Black-
well. Oxford, UK. 379 pp.

De Grammont P, Cuarón A (2006) An evaluation 
of threatened species categorization systems 
used on the American continent. Cons. Biol. 
20: 14-27.

Dertien J, Duvall M (2009) Biogeography and di-
vergence in Guaiacum sanctum (Zygophylla-
ceae) revealed in chloroplast DNA: Implica-
tions for conservation in the Florida Keys. 
Biotropica 41: 120-127.

Dickinson M, Whigham D, Hermann S (2000) 
Tree regeneration in felling and natural treefall 
disturbances in a semideciduous tropical forest 
in Mexico. For. Ecol. Manag. 134: 137-151.

Gentry A (1982) Patterns of neotropical plant-
species diversity. Evol. Biol. 15: 1-84.

González-Espinoza M (2009) Guaiacum sanctum. 
IUCN Red List of Threatened Species. 
IUCN. Gland, Switzerland. www.iucnredlist.
org [Accessed March 2009].

Gordon J, Barrance A, Schreckenberg K (2003) 
Are rare species useful species? Obstacles to 
the conservation of tree diversity in the dry 
forest zone agro-ecosystems of Mesoameri-
ca. Glob. Ecol. Biog. 12: 13-19.

Gordon J, González M, Hernández J, Lavariega 
R, Reyes-García A (2005) Guaiacum coul-
teri: An over-logged dry forest tree of Oaxa-
ca, Mexico. Oryx 39: 82-85.

Grogan J, Jennings S, Landis R, Schulze M, Bai-
ma AMVA, Lopes J (2008) What loggers 
leave behind: Impacts on big-leaf mahogany 
(Swietenia macrophylla) commercial popula-
tions and potential for post-logging recovery 
in the Brazilian Amazon. For. Ecol. Manag. 
255: 269-281.

Grow S, Schwartzman E (2001) Review of the 
taxonomy and distribution of the genus 

Guaiacum in Mexico Report to the 11th 
meeting of the Plants Committee. CITES, 
Langkawi.

Kasenene JM (2007) Post-logging structural 
changes and regeneration of Olea wel-
witschii (Knobl) Gilg. & Schellemb. in the 
Kibale National Park, Uganda. Afr. J. Ecol. 
45: 109-115.

Keel S, Gentry A, Spinzi L (1993) Using vegeta-
tion analysis to facilitate the selection of 
conservation sites in eastern Paraguay. Cons. 
Biol. 7: 66-75.

Killeen T, Jardim A, Mamani F, Rojas N, Sara-
via P (1998) Diversity, composition and 
structure of a tropical semideciduous forest 
in the Chiquitanía, region of Santa Cruz, 
Bolivia. J. Trop. Ecol. 14: 803-827.

Lawes MJ, Griffiths ME, Boudreau S (2007) Co-
lonial logging and recent subsistence har-
vesting affect the composition and physiog-
nomy of a podocarp dominated Afrotemper-
ate forest. For. Ecol. Manag. 247: 48-60.

López-Toledo L (2008) A Conservation Assess-
ment of Endangered Tropical Tree Species: 
Guiaiacum sanctum and G. coulteri in 
Mexico. Thesis. University of Aberdeen, 
UK. 140 pp.

López-Toledo L, Burslem D, Martínez-Ramos 
M, García-Naranjo A (2008) Non-detri-
ment findings report on Guaiacum sanc-
tum in México. International Expert Work-
shop on CITES Non-Detriment Findings. 
Cancun, Mexico. www.conabio.gob.mx/in-
stitucion/cooperacion_internacional/Tall-
erNDF/wg1.html

López-Toledo L, González-Salazar C, Burslem D, 
Martínez-Ramos M (2011) Conservation as-
sessment of the threatened tree species 
Guaiacum sanctum and G coulteri: historic 
distribution and future trends in Mexico. 
Biotropica 43: 246-255.

Martínez E, Galindo-Leal C (2002) La vege-
tación de Calakmul, Campeche, México. cla-
sificación, descripción y distribución. Bol. 
Soc. Mex. Bot. 71: 7-32.

Medel-Narváez A, León JL, Freaner F, Molina F 
(2006) Patterns of abundance and population 
structure of Pachycereus pringlei (Cactace-
ae), a columnar cactus of the Sonoran Des-
ert. Plant Ecol. 187: 1-14.

Mickleburgh S, Daltry JM, Rylands A (2003) 
Briefly. Survey highlights trade in Lignum 
Vitae in Germany. Oryx 37: 127-135.

NOM-059-ECOL (2010) Norma Oficial Mexicana 
NOM-059-SEMARNAT-2010. Protección 
Ambiental - Especies Nativas de México de 
Flora y Fauna Silvestres - Categorías de 
Riesgo y Especificaciones para su Inclusión, 
Exclusión o Cambio - Lista de Especies en 
Riesgo. Secretaria de Medio Ambiente y Re-
cursos Naturales (SEMARNAT). Diario Ofi-
cial de la Federación. 30 de diciembre de 
2010 México D.F. 87 pp.

Otterstrom S, Schwartz M, Velázquez-Rocha I 
(2006) Response to fire in selected tropical 
dry tropical forest trees. Biotropica 38: 
592-598.

Pérez-Salicrup D (2004) Forest types and their 
implications. In Integrated Land Change 
Science and Tropical Deforestation in the 
Southern Yucatán: Final Frontiers., 1st ed. 
Oxford University Press. Oxford, UK. pp. 
63-80.

Porter D (1972) The genera of Zygophyllaceae in 
the southeastern United States. J. Arn. Ar-
bor. 53: 531-552.



656 SEP 2011, VOL. 36 Nº 9

Putz FE (1983) Treefall pits and mounds, buried 
seeds, and the importance of soil distur-
bance to Pioneer trees on Barro Colorado 
Island, Panama. Ecology 64: 1069-1074.

Salmón M (2007) Programa de Manejo para el 
Aprovechamiento de Guaiacum sanctum en 
Campeche. Campeche, Mexico. 75 pp.

Schaffer B, Mason L (1990) Effects of scale in-
sect herbivory and shading on net gas ex-
change and growth of a subtropical tree spe-
cies (Guaiacum sanctum L.). Oecologia 84: 
468-473.

Sebbenn AM, Degen B, Azevedo VCR, Silva 
MB, Lacerda AEB, Ciampi AY, Kanashiro 
M, Carneiro FS, Thompson I, Loveless MD 
(2008) Modelling the long-term impacts of 
selective logging on genetic diversity and 
demographic structure of four tropical tree 

species in the Amazon forest. For. Ecol. 
Man. 254: 335-349.

Silvertown J (1987) Introduction to Plant Popu-
lation Ecology. 2nd ed. Longman. New York, 
USA. 239 pp.

Stoffers A (1984) Guaiacum officinale and Guai-
acum sanctum. In Flora of the Netherlands 
Antilles, 1st ed. Sociedad de Investigaciones 
en Historia Natural Surinamae & Antilla-
rum. Utrecht, Netherlands. 325 pp.

Turner B, Cortina S, Foster D, Geoghegan J, 
Keys E, Klepeis P (2001) Deforestation in 
the southern Yucatan Peninsula region: an 
integrative approach. For. Ecol. Manag. 154: 
353-370.

Vandermeer J (1978) Choosing category in a stage 
projection matrix. Oecologia 32: 79-84.

Wendelken P, Martin R (1986) Avian con-
sumption of Guaiacum sanctum fruit in 
the arid interior of Guatemala. Biotropica 
19: 116-121.

Weterings M, Weterings-Schonck S, Vester H, 
Calmé S (2008) Senescence of Manilkara 
zapota trees and implications for large fru-
givorous birds in the Southern Yucatan 
Peninula, Mexico. For. Ecol. Manag. 256: 
1604-1611.

Williams M (1993) Toumelleya lignumvitae: a 
new species of scale insect from the Florida 
Keys (Homoptera: Coccidade). The Flor. En-
tomol. 76, 566-572.

Zuidema P, De Kroon H, Werger M (2007) Testing 
sustainability by prospective and retrospective 
demographic analyses: evaluation for palm leaf 
harvest. Ecol. Appl. 17: 118-128.

eFeCTos deMoGráFICos de LA exPLoTACIÓN de Guaiacum sanctum L., uNA esPeCIe MAderABLe 
NeoTroPICAL AMeNAzAdA: IMPLICACIoNes PArA su CoNserVACIÓN
Leonel López-Toledo, Angélica Murillo-García, Miguel Martínez-Ramos y Diego R. Pérez-Salicrup

RESUMEN

eFeITos deMoGráFICos dA exPLorAÇÃo de Guaiacum sanctum L., uMA esPéCIe MAdeIráVeL 
NeoTroPICAL AMeAÇAdA: IMPLICAÇÕes PArA A CoNserVAÇÃo
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RESUMO

Finalmente, se estimó un índice de regeneración (proporción de 
plántulas en la población) para cada una de las siete poblaciones. 
Las densidades de G. sanctum varían de 278 a 1732 individuos/ha 
con ≥1cm dap (diámetro a altura del pecho, 1.3m) en Campeche. 
Se encontraron diferencias en las estructuras de las poblaciones 
de poblaciones aprovechadas, aunque la densidad de plántulas y 
adultos fue alta en todos los sitios. Contrario a lo esperado, se en-
contró mayores densidades en todas las clases en las poblaciones 
aprovechadas. Los resultados sugieren que las actuales prácticas 
de aprovechamiento parecen no tener un efecto negativo drástico 
en la densidad de individuos. Aunque los resultados indican que 
G. sanctum en Campeche no está localmente amenazado, se reco-
mienda mantenerlo en CITES Apéndice II.

se estimou um índice de regeneração (proporção de plântulas na 
população) para cada uma das sete populações. As densidades 
de G. sanctum variam de 278 a 1732 indivíduos/ha com ≥ 1cm 
dap (diâmetro a altura do peito, 1.3m) em Campeche. Encontra-
ram-se diferenças nas estruturas das populações de populações 
aproveitadas, mesmo que a densidade de plântulas e adultos foi 
alta em todos os locais. Contrario ao esperado, foram encon-
tradas maiores densidades em todas as classes das populações 
aproveitadas. Os resultados sugerem que as atuais práticas de 
aproveitamento parecem não ter um efeito negativo drástico na 
densidade de indivíduos. Mesmo que os resultados indiquem que 
G. sanctum em Campeche não está localmente ameaçado, se re-
comenda mantê-lo em CITES Apêndice II.

Guaiacum sanctum es una especie maderable de las Américas 
considerada como amenazada en 11 diferentes países incluyendo 
México y listada en CITES Apéndice-II. Esta especie es aprove-
chada legalmente en México en el estado de Campeche. A pesar 
de su estatus protegido, las condiciones actuales de sus pobla-
ciones y los efectos de la cosecha no han sido evaluados. En este 
estudio se evaluó el estado de conservación de cuatro poblacio-
nes no aprovechadas del centro de Campeche, documentando sus 
densidades y estructuras demográficas. Adicionalmente, se compa-
raron las estructuras demográficas de una población no aprove-
chada y tres poblaciones aprovechadas con diferentes tiempos de 
abandono después de la cosecha (3, 8 y 20 años) para evaluar los 
efectos de la cosecha de madera sobre la estructura poblacional. 

Guaiacum sanctum é uma espécie madeirável das Américas 
considerada como ameaçada em 11 diferentes países incluindo 
o México e listada em CITES Apéndice-II. Esta espécie é apro-
veitada legalmente no México no estado de Campeche. Apesar 
de seu estado protegido, as condições atuais de suas populações 
e os efeitos da colheita não têm sido avaliados. Neste estudo se 
avaliou o estado de conservação de quatro populações não apro-
veitadas do centro de Campeche, documentando suas densidades 
e estruturas demográficas. Adicionalmente, se compararam as 
estruturas demográficas de uma população não aproveitada e 
três populações aproveitadas com diferentes tempos de abandono 
depois da colheita (3, 8 e 20 anos) para avaliar os efeitos da 
colheita de madeira sobre a estrutura populacional. Finalmente, 


